A new crown ether-POM (POM = polyoxometalate) adduct with the molecular formula [(C 14 -H 20 
Introduction
The adducts based on polyoxometalates and crown ethers have been applied in the membranes of Pb 2+ -selective electrodes, which exhibit better sensitivities with lower detection limits and a wider linear detection concentration range [1] . In crown ether-POM adducts, the dominant interactions between [crown-M] + (M = metal ions [2 -9] or oxonium ions [10 -15] ) cations and polyoxometalate anions are generally electrostatic interactions, but there also exist other supramolecular interactions [3, 6] . We prefer to use this term to describe the interactions between crown ether molecules and oxonium ions as some authors consider them as hydrogen bonds [14, 15] , while others think they are predominantly electrostatic interactions [12] . Crown ether molecules can capture hydrated oxonium ions ([H(H 2 O) n ] + , n = 1 to ca. 20) [16 -22] through these supramolecular interactions, and the oxonium ions can reside above the crown ether molecules [17 -19] or are sandwiched by crown ether molecules [14, 15, 20 -22] 
Results and Discussions
Benzo-15-crown-5 and H 3 PMo 12 O 40 · 24H 2 O were dissolved at r. t. in a mixture of acetonitrile and methanol. Upon evaporation of the solvent mixture adduct 1 was formed and could be isolated.
IR spectrum
In the IR spectrum, the bands at 1061, 958, 881, 804 cm 
Crystal structure description
The crystal structure analysis has revealed that adduct 1 consists of one [PMo 12 Table 2 , are in close agreement with those described in the literature [12, 15] .
As shown in Fig. 1a , there exist three crystallographically independent water molecules, O1W, O2W, O3W, which are protonated to oxonium ions, H 3 O + . The O1W and O2W ions reside out of the planes defined by the oxygen atoms of the corresponding crown ethers, and the distances between oxonium ions and the centers of the crown ether rings are 1.002(4) and 0.898(4)Å. The supramolecular interactions (filled dashed bonds in Fig. 1a ) combine the crown ether with the oxonium ions. Each O3W ion is sandwiched between a pair of benzo-15-crown-5 molecules, which are almost parallel with a twist angle is 65 • (Fig. 1b) . It is obvious that the distances between the O3W oxonium ions and the crown ethers are longer than those of O1W and O2W. There exist hydrogen bonding interactions between the O1W oxonium ion and the O33 atom of a [PMo 12 O 40 ] 3− anion (2.638(2)Å), the O1W oxonium ion and the N atom of a CH 3 CN molecule (2.384(2)Å), and the O2W oxonium ion and the bridging O13 atom of a [PMo 12 O 40 ] 3− anion (2.827(2)Å). Through these interactions, a [PMo 12 O 40 ] 3− anion, an O1W oxonium ion, an O2W oxonium ion and a CH 3 CN molecule constitute a basic unit. The units are packed in two opposite orientations, forming the AB··· AB mode along the crystallographic c axis. The distance of the O40 atoms of the [PMo 12 O 40 ] 3− anions between layer A and layer B is 2.717(3)Å (Fig. 2) . The short distance may result from the packing mode or from weak interactions between O atoms, and this phenomenon has already been reported in the literature [25] .
Electrochemical behavior Voltammetric behavior of 1-MCPE in aqueous electrolyte
The cyclic voltammograms for 1-MCPE in 0.2 M H 2 SO 4 aqueous solution at different scan rates are presented in Fig. 3 . Three reversible redox peaks appear in the potential range of −200 to 800 mV and with half-wave potentials E1/2 = (E pa + E pc)/2 of 315, 173, and −62 mV, respectively. Redox peaks I-I , II-II and III-III can be attributed to three consecutive two-electron processes of the Mo atoms. The peak potentials change gradually following the scan rates, the cathodic peak potentials shift towards the negative direction and the corresponding aniodic peak potentials to the positive direction with increasing scan rates. This common phenomenon results from the electron exchange rate between the electrode and the [PMo 12 O 40 ] 3− anions. Fig. 4 shows cyclic voltammograms for 1-MCPE in acidic aqueous solutions at different pH. It can be clearly seen that the three waves shift to more negative potentials with increasing pH value. Plots of peak potentials of three cathodic waves versus pH for the 1-MCPE show linearity in the pH range from 1.40 to 2.22 (three curves in the inset), and the slopes of the pH range are 65.8, 65.4 and 76.8 mV/pH for the three reduction peaks, respectively, approximately corresponding to the addition of two protons, as was observed with solution phase and multifilm species of PMo 12 O 40 3− [26, 27] .
pH-Depending electrochemical behavior of 1-MCPE

Electrocatalytic reduction of H 2 O 2 and NO 2 − on 1-MCPE
The reduction of hydrogen peroxide at a bare electrode generally requires a large overpotential, and no obvious response is observed in the range +600 to −150 mV [28] . 1-MCPE displays electrocatalytic activity toward the reduction of H 2 O 2 . As shown in Fig. 5 , the reduction peak currents increase, and the corresponding oxidation peak currents decrease with the increase in concentration of H 2 O 2 . The result indicates that the three reduced species of the [PMo 12 O 40 ] 3− anions have electrocatalytic activity for H 2 O 2 reduction. Analogously, the three reduction peak currents increase, while the corresponding oxidation peak currents decrease, with the addition of NO 2 − at the 1-MCP (Fig. 6) . These results suggest that the three reduced species of the [PMo 12 O 40 ] 3− anions have electrocatalytic activity for NO 2 − reduction.
Stability of 1-MCPE
When the potential range is maintained at −200 to 800 mV, the electrode is stable over 300 cycles at a rate of 100 mV s −1 , and the peak currents only decrease by less than 5 %. After storage at r. t. for 20 d, the peak currents remain almost unchanged. The remarkable stability of the modified electrodes can be attributed to the insolubility of the crown ether-POM supramolecular assemblies and the affinity of the crown ethers toward the paste.
Thermal analysis
The thermal analysis of 1 gives a weight loss of 2.6 % in the range of 90 -130
• C, which is corre- 
sponding to the loss of the acetonitrile and coordinated water (calcd. 2.5 %). The second weight loss from 235 to 530 • C is ascribed to the benzo-15-crown-5 decomposition (showing a weight loss of 36.5 %; the calculated value is 36.2 %). 12 O 40 ] 3− anion, two oxonium ions and one CH 3 CN molecule constitute a basic unit. The units are packed in two opposite orientations, resulting in the sequence AB··· AB along the crystallographic c axis. This is an excellent example of a packing mode resulting from supramolecular interactions in inorganic-organic hybrids. 1-MCPE displays well-defined cyclic voltammograms with three reversible two-electron redox couples in acidic aqueous solution, exhibits electrocatalytic activities toward the reduction of H 2 O 2 Table 2 . Selected bond lengths (Å) and angles (deg) for adduct 1. and NO 2 − , and shows excellent stability due to the insolubility of the crown ether-POM adducts.
Conclusion
Experimental Section
Materials and methods
All chemicals purchased were of reagent grade and used without further purification. H 3 PMo 12 O 40 · 24H 2 O was synthesized according to the literature [29] . Elemental analysis (C, H and N) was performed on a Perkin-Elmer 2400 CHN Elemental Analyzer. Infrared spectra were recorded from KBr pellets on a TENSOR27 Bruker AXS spectrometer. The TG/DTA analysis was performed on a Pyris Diamond TG/DTA instrument in flowing air with a heating rate of 10 • C min −1 . The XPS measurement of Mo was carried out on a VG ESCALABMK spectrometer with an MgK α (1253.6 eV) achromatic X-ray source. The modified carbon paste electrode (MCPE) was fabricated as follows: 0.1 g graphite powder (purchased from Shanghai Chemical Plant and used as received) and 30 mg of adduct 1 were mixed and ground together in an agate mortar to achieve a uniform and dry mixture. Paraffin (0.3 mL) was added to the mixture and stirred with a glass rod, then the homogenized mixture was used to pack 3 mm inner diameter quartz tubes. The surface was wiped with paper, and the electrical contact was established with a copper rod through the back of the quartz tubes. All electrochemical measurements were carried out on a CHI 600B electrochemical workstation at r. t. under nitrogen atmosphere. The working electrode was the 1-MCPE. A platinum wire was used as the counter electrode, and Ag/AgCl (3 M KCl) was the reference electrode. 
Synthesis
Single crystal X-ray diffraction
Intensity data were collected on a SMART APEX II-CCD X-ray single crystal diffractometer at 293 K using graphitemonochromatized MoK a radiation (λ = 0.71073Å). An empirical absorption correction was applied. The structure was solved by Direct Methods and refined by full-matrix leastsquares on F 2 using the SHELX-97 software package [30] . All non-hydrogen atoms were refined anisotropically, and the hydrogen atoms attached to carbon atoms were added in idealized geometrical positions. 78 restraints were applied to the fixed distances of the C -C bonds and to the isotropic refinements of some atoms of benzo-15-crown-5 and CH 3 CN molecules. Some relevant crystallographic data and structure determination parameters are summarized in Table 1 . Selected bond lengths and bond angles of 1 are listed in Table 2 .
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